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(54) MOTOR CONTROL DEVICE AND CONTROL METHOD THEREFOR

(57) A rail vehicle (10) comprises: a permanent mag-
net synchronous motor (3); an inverter (1) for driving the
permanent magnet synchronous motor (3); and a vehicle
speed sensor (9) for detecting the vehicle speed VTcar.
The initial rotational speed ωest0 is estimated based on
the vehicle speed VTcar; the angular velocity (ωest) is

estimated, taking the initial rotational speed (ωest0) as
the initial value; the rotational phase angle (θest) is esti-
mated based on the angular velocity (ωest); and the in-
verter (1) is controlled based on the rotational phase an-
gle (θest).
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Description

FIELD

[0001] An embodiment of the present invention relates to a motor control device that controls a synchronous motor
and to a control method therefor.

BACKGROUND

[0002] In a motor control device that employs synchronous motor rotation sensor-less control, methods are generally
known of restarting an inverter from a coasting state. For example, the method is available of using a voltage sensor to
estimate the rotational phase angle speed when restarting.
[0003] As such examples, there may be mentioned: Laid-open Japanese Patent Application 2006-217754 (hereinafter
referred to as Patent Reference 1); Laid-open Japanese Patent Application 2008-017690 (hereinafter referred to as
Patent Reference 2) ; Laid-open Japanese Patent Application H11-075394 (hereinafter referred to as Patent Reference
3); Laid-open Japanese Patent Application 2003-250293 (hereinafter referred to as Patent Reference 4) and Laid-open
Japanese Patent Application 2001-339999 (hereinafter referred to as Patent Reference 5).
[0004] However, when a voltage sensor is provided, costs are increased. Also, if the rotational phase angle is estimated
without using a voltage sensor, time is required for this estimation of the rotational phase angle. The response time
before supplying the start-up instruction is thereby delayed.
[0005] Accordingly, an object of the present embodiment is to provide a control device having a motor control device
and motor control method whereby costs are reduced but in which the response characteristics for start-up from a
coasting condition are improved.
[0006] A motor control device according to the present embodiment comprises: a synchronous motor for driving a
vehicle; power conversion means for converting power for driving said synchronous motor; rotational speed-related
information acquisition means for acquiring rotational speed-related information related to the rotational speed of said
synchronous motor, without providing said synchronous motor with a voltage sensor; initial rotational speed calculation
means that calculates the initial rotational speed of said synchronous motor based on said rotational speed-related
information acquired by said rotational speed-related information acquisition means; rotational speed calculation means
that calculates the rotational speed of said synchronous motor, taking as the initial value said initial rotational speed
calculated by said initial rotational speed calculation means; rotational phase angle calculation means that calculates
the rotational phase angle of said synchronous motor, based on said rotational speed calculated by said rotational speed
calculation means; and control means that controls said power conversion means based on said rotational phase angle
calculated by said rotational phase angle calculation means.

BRIEF DESCRIPTION OF THE DRAWINGS

[0007]

FIG. 1 is a layout diagram showing the layout of a control device applied to a rail vehicle according to a first
embodiment of the present invention;
FIG. 2 is a layout diagram showing the layout of a control device applied to a hybrid automobile according to a
second embodiment of the present invention;
FIG. 3 is a layout diagram showing the layout of a rail vehicle according to a third embodiment of the present invention;
FIG. 4 is a layout diagram showing the layout of a first control device applied to a rail vehicle according to a third
embodiment;
FIG. 5 is a layout diagram of a second control device applied to a rail vehicle according to a third embodiment;
FIG. 6 is a layout diagram showing the layout of a rail vehicle according to a fourth embodiment of the present
invention;
FIG. 7 is a layout diagram showing the layout of a first control device applied to a rail vehicle according to the fourth
embodiment.

DETAILED DESCRIPTION

[0008] Embodiments of the present invention are described below with reference to the drawings.
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(First embodiment)

[0009] FIG. 1 is a layout diagram showing the layout of a control device 2 applied to a rail vehicle 10 according to a
first embodiment. Identical parts in the drawings will be given the same reference numbers and detailed description
thereof will be dispensed with: thus the description will focus on parts that are different. Repetition of description will
also be dispensed with in the embodiments below.
[0010] A rail vehicle 10 comprises: an inverter (power conversion means) 1; a control device (control means) 2; a
permanent magnet synchronous motor (PMSM) (permanent magnet synchronous motor) 3; vehicle wheels 4; a panto-
graph 5; a filter reactor 6; a filter capacitor 7; two current detectors 8u, 8w; a vehicle speed sensor (rotational speed-
related information acquisition means) 9; and a transmission device 11.
[0011] The pantograph 5 is a power-collecting device that collects power from an overhead line 12.
[0012] The filter reactor 6 and the filter capacitor 7 are elements that constitute a filter circuit. The filter circuit suppresses
harmonics that are superimposed by the inverter 1.
[0013] The positive electrode terminal on the DC side of the inverter 1 is connected with the pantograph 5 through the
filter reactor 6. The negative electrode terminal on the DC side of the inverter 1 is earthed to the rails through the vehicle
wheels. The filter capacitor 7 is connected in parallel with the DC side of the inverter 1. The permanent magnet syn-
chronous motor 3 is connected with the AC side of the inverter 1.
[0014] The inverter 1 mutually converts AC power and DC power by changing over ON and OFF of the switching
elements of the main circuit incorporated therein, in accordance with gate instructions Gt that are output from the control
device 2. Specifically, the inverter 1 converts the power collected by the pantograph 5 into power for driving the permanent
magnet synchronous motor 3. Also, the inverter 1 converts regenerated power that is supplied from the permanent
magnet synchronous motor 3 into power to be returned to the overhead line 12.
[0015] The permanent magnet synchronous motor 3 is a synchronous motor constituting the power source for driving
the rail vehicle 10. The permanent magnet synchronous motor 3 generates magnetic field by means of the three-phase
AC current flowing in the exciting magnetic phase and generates torque by the magnetic interaction thereof with the
rotor. It should be noted that, in the place of the permanent magnet synchronous motor 3, any synchronous motor could
be employed, even a synchronous motor not using a permanent magnet.
[0016] The two current detectors 8u, 8w respectively detect the two phase current values Iu, Iw of the U phase and
W phase, of the three-phase AC current flowing in the permanent magnet synchronous motor 3. It should be noted that
there may be no need to provide a current detector for detecting the V phase. The current detectors 8u, 8w output the
detected current values Iu, Iw to the control device 2.
[0017] The vehicle speed sensor 9 is installed at the vehicle wheels 4. The vehicle speed sensor 9 detects the vehicle
speed VTcar. The vehicle speed sensor 9 outputs the detected vehicle speed VTcar to the transmission device 11. For
example, the vehicle speed sensor may be a sensor that is employed for operation or control of a train, such as a
speedometer or ATO (automatic train operation), installed in the cab.
[0018] The transmission device 11 transmits the vehicle speed VTcar detected by the vehicle speed sensor 9 to the
control device 2. For example, the transmission device 11 is a device that transmits various types of information to each
vehicle.
[0019] The control device 2 comprises: an initial speed estimator (initial rotational speed calculation means) 21; a
current control section 22; an inverse γδ axes coordinate conversion section 23; a triangular wave PWM control section
24; a rotational phase angle error estimating section 25; a γδ axes coordinate conversion section 26; an angular velocity
estimating section (rotational speed calculation means) 27; and a rotational phase angle estimating section (rotational
phase angle calculation means) 28.
[0020] The γδ axes coordinate conversion section 26 inputs the current values Iu, Iw of two phases i.e. the U phase
and W phase, of the three phases, that are respectively detected by the current detectors 8u, 8w; and inputs the rotational
phase angle θest estimated by the rotational phase angle estimating section 28. It may be noted that it would also be
possible to detect the current values of all three phases and output these to the γδ axes coordinate conversion section
26. The γδ axes coordinate conversion section 26 then converts the current values Iu, Iw of the three-phase fixed
coordinates to the γδ axes current values Iγ, Iδ of the γδ axes rotational coordinates, using the rotational phase angle
θest. The control device 2 employs the γδ axes current values Iγ, Iδ as the current response values of the inverter 1. The
γδ axes coordinate conversion section 26 outputs the converted γδ axes current values Iγ, Iδ to the rotational phase
angle error estimating section 25 and current control section 22.
[0021] The dq axes coordinates are rotating coordinates comprising a d axis and q axis. The d axis is an axis in the
direction of the magnetic flux of the rotor i.e. it is an axis in which no magnetic torque acts. The q axis is an axis orthogonal
to the direction of the magnetic flux of the rotor (i.e. an axis orthogonal to the d axis), and is the axis in which the magnetic
torque acts. Also, the γ axis of the γδ axes rotational coordinates is the estimated axis of the d axis and the δ axis is the
estimated axis of the q axis, and is orthogonal to the γ axis.
[0022] The current control section 22 inputs the dq axes current instruction values Idref, Iqref, the γδ axes current
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values Iγ, Iδ that have been converted by the γδ axes coordinate conversion section 26, and the angular velocity ωest
that has been estimated by the angular velocity estimating section 27. The current control section 22 calculates γδ axes
voltage instruction values Vyref and Vδref such that the γδ axes current values Iγ, Iδ track the dq axes current instruction
values Idref and Iqref. The current control section 22 outputs the γδ axes voltage instruction values Vγref, Vδref to the
inverse γδ axes coordinate conversion section 23 and the rotational phase angle error estimating section 25.
[0023] The inverse γδ axes coordinate conversion section 23 inputs the estimated rotational phase angle θest estimated
by the rotational phase angle estimating section 28 and the γδ axes voltage instruction values Vyref, Vδref calculated
by the current control section 22. The inverse γδ axes coordinate conversion section 23 converts the γδ axes voltage
instruction values Vyref, Vδref to the three-phase voltage instruction values (modulation factor instruction values) Vvref,
Vuref and Vwref, using the rotational phase angle θest. The inverse γδ axes coordinate conversion section 23 outputs
the calculated three-phase voltage instruction values Vvref, Vuref and Vwref to the triangular wave PWM (pulse width
modulation) control section 24.
[0024] The triangular wave PWM control section 24 generates a gate instruction Gt by triangular wave comparison-
type PWM (pulse width modulation) control. The gate instruction Gt is a signal for turning the switching element of each
phase of the inverter 1 ON or OFF. This is used to control drive of the permanent magnet synchronous motor 3. The
triangular wave PWM control section 24 generates a gate instruction GT such that the output voltage of the inverter 1
follows the three-phase voltage instruction values Vvref, Vuref and Vwref calculated by the inverse γδ axes coordinate
conversion section 23. The triangular wave PWM control section 24 outputs the gate instruction Gt that has thus been
generated to the inverter 1.
[0025] The initial speed estimator 21 inputs through the transmission device 11 the vehicle speed VTcar detected by
the vehicle speed sensor 9. The initial speed estimator 21 estimates the initial angular velocity (the initial rotational
speed) ωest0 [rad/s] from the vehicle speed VTcar [km/h] during coasting, using the following expression. The initial
speed estimator 21 outputs the initial angular velocity (the initial rotational speed) ωest0 to the angular velocity estimating
section 27.
[math 1] 

where WD is the vehicle wheel diameter [mm], GR is the gear ratio and P is the number of poles of the motor.
[0026] Typically, the speed used in control of a train has a precision of about 61 to 2 [km/h]. In this case, the error of
the estimated initial rotational speed ωest0 is within 5%.
[0027] The rotational phase angle error estimating section 25 inputs the calculated γδ axes voltage instruction values
Vyref, Vδref calculated by the current control section 22, the γδ axes current values Iγ, I δ calculated by the γδ axes
coordinate conversion section 26, and the angular velocity ωest of the rotor estimated by the angular velocity estimating
section 27. The rotational phase angle error estimating section 25 estimates a rotational phase angle of the permanent
magnet synchronous motor 3 and phase difference (deviation) Δθest of the γδ axes coordinate system based on the γδ
axes voltage instruction values Vyref, Vδref, γδ axes current values Iγ, Iδ and angle speed ωest. The rotational phase
angle error estimating section 25 outputs the estimated phase difference Δθest to the angular velocity estimating section
27.
[0028] It should be noted that the phase difference Δθest may correspond to the phase difference in the vicinity of
zero, as for example sin Δθ. For example, if an axis offset by a predetermined angle from the estimated axis of the
direction of the permanent magnet magnetic flux of the rotor is denoted by the γ axis, this may be the deviation between
the γ axis voltage and the γ axis voltage estimated value and may be expressed by an evaluation function. Also, although,
in this case, the phase was estimated by a rotational coordinate system, the estimation could be performed by a fixed
coordinate system.
[0029] The angular speed estimating section 27 inputs the estimated phase difference Δθest estimated by the rotational
phase angle error estimating section 25 and the initial angular velocity (the initial rotational speed) ωest0 estimated by
the initial speed estimator 21. Taking the initial value as the initial angular velocity (the initial rotational speed) ωest0,
the angular speed estimating section 27 calculates the angular velocity (the rotational speed) ωest of the rotor by
performing PI (proportional integral) control, inputting the phase difference Δθest. By supplying the initial angular velocity
(the initial rotational speed) ωest0 to the angular velocity estimating section 27 in this way as an initial value, rapid
convergence of control by the angular velocity estimating section 27 in a stable fashion can be achieved. The angular
velocity estimating section 27 outputs the estimated angular velocity (the rotational speed) ωest to the current control
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section 22, the rotational phase angle error estimating section 25 and the rotational phase angle estimating section 28.
[0030] The rotational phase angle estimating section 28 estimates the rotational phase angle θest by integrating the
angular velocity ωest estimated by the angular velocity estimating section 27. The rotational phase angle estimating
section 28 outputs this estimated rotational phase angle θest to the inverse γδ axes coordinate conversion section 23
and γδ axes coordinate conversion section 26.
[0031] With this embodiment, when the inverter 1 and the permanent magnet synchronous motor 3 are started up
from a coasting condition, the angular velocity (the rotational speed) ωest can be found rapidly in a stable fashion by
supplying the initial angular velocity (initial rotational speed) ωest0 based on the vehicle speed VTcar.
[0032] Usually, the angular speed would be estimated by taking the initial speed as zero, since, when the synchronous
motor is restarted from a coasting condition, the speed is generally not known. In this case, the estimated angular speed
converges with the time constant of the estimation control (for example PI control). However, when angular speed is
employed to calculate for example phase error, in the case of angular speed prior to convergence, calculation of the
phase error cannot be correctly performed. Consequently, convergence of control of the synchronous motor is slow and
sometimes it is not even possible to achieve convergence. Also, even when angular speed is not employed in calculation
of for example the phase difference, drive of the synchronous motor is unstable until angular speed convergence has
been achieved, and, sometimes, start-up of the inverter and synchronous motor cannot be achieved, due to protective
action in regard to over-current or over-voltage.
[0033] In contrast to this, rapid and stable convergence of the estimated angular velocity can be achieved if the control
device 2 obtains initial rotational speed ωest0 by using the vehicle speed VTcar. As a result, the control device 2 can
achieve start-up in a short time and with a high degree of stability, even in cases where the inverter 1 and the permanent
synchronous motor 3 are being started up from a coasting condition.
[0034] Also the control device 2 can estimate the angular velocity ωest without needing to provide the permanent
magnet synchronous motor 3 that is the subject of control with a voltage sensor. In this way, the equipment cost of the
control system of the permanent magnet synchronous motor 3 can be reduced.
[0035] Thus, with the motor control device according to the embodiment described above, by estimating the initial
rotational speed from the vehicle speed, a control device can be provided having a motor control device and motor
control method whereby improved response on start-up from a coasting condition and reduced costs can be achieved.

(Second embodiment)

[0036] FIG. 2 is a layout diagram showing the layout of a control device 2A applied to a hybrid automobile (HEV) 10A
according to a second embodiment of the present invention.
[0037] A hybrid automobile 10A comprises: an inverter 1A; a control device 2A; a permanent magnet synchronous
motor 3; two current detectors 8u, 8w; gears 13; an engine 14; an engine rotational speed sensor (rotational speed
detection means) 15; and a battery 16. The permanent magnet synchronous motor 3 and the two current detectors 8u,
8w are the same as in the first embodiment.
[0038] A battery (DC power source) 16 is connected on the DC side of the inverter 1A. The inverter 1A converts the
DC power that is supplied from the battery 16 to AC power. Other aspects are the same as in the case of the inverter 1
according to the first embodiment.
[0039] The engine 14 is a power source for driving a hybrid automobile 10A together with the permanent magnet
synchronous motor 3. The rotational shaft of the engine 14 is linked with the rotational shaft of the permanent magnet
synchronous motor 3 through gears 13. It should be noted that the engine 14 may be linked with the permanent magnet
synchronous motor 3 without providing gears 13.
[0040] The engine rotational speed sensor 15 detects the rotational speed ωeng of the engine 14. The engine rotational
speed sensor 15 outputs the detected rotational speed ωeng of the engine to the control device 2A. The engine rotational
speed sensor 15 may be combined with the tachometer that is installed for displaying the engine rotational speed to the
driver, or with a sensor that is employed for engine control.
[0041] In the control device 2A, the initial speed estimator 21 in the control device 2 according to the first embodiment
shown in FIG. 1 is replaced by an initial speed estimator 21A. Other aspects are the same as in the case of the first
embodiment.
[0042] The initial speed estimator 21A inputs the engine rotational speed ωeng that is detected by the engine rotational
speed sensor 15. The initial speed estimator 21A estimates the initial rotational speed ωest0 [rad/s] from the engine
rotational speed ωeng [rpm] during coasting, using the following expression. The initial speed estimator 21A outputs the
calculated initial rotational speed ωest0 to the angular velocity estimating section 27.
[math 2] 
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[0043] where GR is the gear ratio and P is the number of poles of the motor.
[0044] With this embodiment, the control device 2A can achieve convergence of the estimated angular speed rapidly
and in a stable fashion by obtaining the initial rotational speed ωest, based on the engine rotational speed ωen. Conse-
quently, the control device 2A can achieve start-up with a high degree of stability and in a short time, even in the case
where the inverter 1A and permanent magnet synchronous motor 3 are started up from a coasting condition. Conse-
quently, with this embodiment, the same beneficial effects as in the case of the first embodiment can be obtained.

(Third embodiment)

[0045] FIG. 3 is a layout diagram showing the layout of a rail vehicle 10B according to a third embodiment.
[0046] The rail vehicle 10B is a single vehicle composing a train. Also, the rail vehicle may be a train composed of a
single vehicle.
[0047] The rail vehicle 10B comprises four permanent magnet synchronous motors: 3a (second synchronous motor),
3b (first synchronous motor), 3c (third synchronous motor) and 3d (fourth synchronous motor). Also, the rail vehicle 10B
comprises inverters 1a, 1b, 1c, 1d and control devices 2Ba, 2Bb, 2Bc, 2Bd respectively corresponding to the permanent
magnet synchronous motors 3a, 3b, 3c, 3d; and vehicle wheels 4 on the left and right sides. A vehicle speed sensor 9
is provided on the vehicle wheel 4 corresponding to the second permanent magnet synchronous motor 3a (second
synchronous motor). The control devices 2Ba to 2Bd are connected by transmission paths 41 whereby data is exchanged.
[0048] The inverters 1a to 1d and the permanent magnet synchronous motors 3a to 3d are respectively the same as
the inverter 1 and the permanent magnet synchronous motor 3 in the first embodiment. The four control devices 2Ba to
2Bd respectively control the inverters 1a to 1d and the permanent magnet synchronous motors 3a to 3d.
[0049] FIG. 4 is a layout diagram showing the layout of the first control device 2Ba applied to the rail vehicle 10B
according to this embodiment.
[0050] The first control device 2Ba transmits the initial rotational speed ωest0 estimated by the initial speed estimator
21 through the transmission path 41 to the other control devices 2Bb to 2Bd. Other aspects of the first control device
2Ba are the same as in the case of the control device 2 according to the first embodiment.
[0051] FIG. 5 is a layout diagram showing the layout of a second control device 2Bb applied to a rail vehicle 10B
according to this embodiment. Since the third and fourth control devices 2Bc, 2Bd are identical with the second control
device 2Bb, description thereof is dispensed with.
[0052] In the case of the second control device 2Bb, a layout is adopted in which the initial speed estimator 21 in the
control device 2 according to the first embodiment shown in FIG. 1 is removed and an angular speed estimating section
27Bb is provided instead of the angular velocity estimating section 27. The angular velocity estimating section (initial
rotational speed acquisition means) 27Bb estimates the angular velocity ωest by receiving the initial rotational speed
ωest0 that is transmitted from the first control device 2Ba. Other aspects of the second control device 2Bb are identical
with the second control device 2 according to the first embodiment.
[0053] With this embodiment, the following beneficial effects can be obtained.
[0054] With the first control device 2Ba, the same beneficial effects as in the case of the first embodiment can be
obtained. Also, with the second control device 2Bb, the same beneficial effects as in the case of the first embodiment
can be obtained even without providing an initial speed estimator 21, by receiving the initial rotational speed ωest0 from
the first control device 2Ba.
[0055] It should be noted that, while, up to this point, a layout has been described in which all of the first to fourth
control devices 2Ba to 2Bd were provided on the same rail vehicle 10B, it would also be possible for these first to fourth
control devices 2Ba to 2Bd to be provided in a distributed fashion on a plurality of rail vehicles 10B, so long as these
rail vehicles 10B are part of the same train. This is because, so long as the permanent magnet synchronous motors 3
are provided in the same train, all these permanent magnet synchronous motors 3 may be assumed to be rotating with
substantially the same rotational speed.

(Fourth embodiment)

[0056] FIG. 6 is a layout diagram showing the layout of a rail vehicle 10C according to a fourth embodiment of the
present invention.
[0057] In the case of the rail vehicle 10C, in a rail vehicle 10B according to the third embodiment shown in FIG. 3, a
voltage sensor 42 is provided in place of the vehicle speed sensor 9 and a first control device 2Ca is provided in place
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of the first control device 2Ba. Other aspects are the same as in the case of the third embodiment.
[0058] A voltage sensor 42 detects the voltage Vuv between the U and V phases that are output from the first inverter
1a. The voltage sensor 42 outputs this voltage Vuv that is detected between the U and V phases to the first control
device 2Ca.
[0059] FIG. 7 is a layout diagram showing the layout of the first control device 2Ca applied to a rail vehicle according
to this embodiment.
[0060] In the case of the first control device 2 Ca, in the first control device 2Ba according to the third embodiment
shown in FIG. 4, the initial speed estimator 21 is replaced by an initial speed estimator 21C. Other aspects of the first
control device 2Ca are the same as in the case of the control device 2Ba according to the third embodiment.
[0061] The initial speed estimator 21C estimates the initial rotational speed ωest0, based on the voltage Vuv between
the U and V phases detected by the voltage sensor 42. Other aspects of the initial speed estimator 21C are the same
as in the case of the initial speed estimator 21 according to the third embodiment.
[0062] The angular velocity estimating section 27Bb shown in FIG. 5, which is provided in the second to fourth control
devices 2Bb to 2Bd, receives the initial rotational speed ωest0 that is output from the first control device 2Ca. Other
aspects of the second to fourth control devices 2Bb to 2Bd are the same as in the case of the third embodiment.
[0063] With this embodiment, the same beneficial effect as in the case of the third embodiment can be obtained by
the second to fourth control devices 2Bb to 2Bd receiving the initial rotational speed ωest0 from the first control device 2Ca.
[0064] Specifically, even if an initial rotational speed ωest0 of the permanent magnet synchronous motor 3a is employed
that is different from the permanent magnet synchronous motors 3b to 3d that are controlled by the second to fourth
control devices 2Bb to 2Bd, so long as these are permanent magnet synchronous motors 3b to 3d driving the same rail
vehicle 10C, it may be inferred that the rotational speed will be substantially the same. Consequently, by having the
second to fourth control devices 2Bb to 2Bd estimate the rotational phase angle θest under the assumption that the
initial rotational speed ωest0 of the permanent magnet synchronous motors 3b to 3d that are being controlled is the
same as the initial rotational speed ωest0 of the permanent magnet synchronous motor 3a that is not being controlled,
start-up from the coasting condition of the permanent magnet synchronous motors 3b to 3d can be achieved in a stable
fashion in a short time. Also, since there is no need to provide a voltage sensor 42 for three of the four permanent magnet
synchronous motors, namely, the permanent magnet synchronous motors 3b to 3d, costs can be reduced.
[0065] It should be noted that, although, in the first to the third embodiments, in order to estimate the initial rotational
speed ωest0, the vehicle speed VTcar or the engine rotational speed ωeng was detected, there is no restriction to these
items of information. The information relating to the rotational speed of the permanent magnet synchronous motor 3
could be any item of information that can be acquired without using a voltage sensor. Also, although, in the fourth
embodiment, the first control device 2Ca estimated the initial rotational speed ωest0 based on the line voltage Vuv, there
is no restriction to this. Any item of information could be employed that is related to the rotational speed of the permanent
magnet synchronous motor 3. Also, it could be arranged for the first control device 2Ca to directly detect the rotational
speed of the permanent magnet synchronous motor 3.
[0066] Also, although, in the embodiments, use of a single vehicle, either a rail vehicle or hybrid automobile, was
described, the control of these embodiments could be applied to both types of vehicle.
[0067] While various embodiments of the present invention have been described, these embodiments are presented
merely by way of example and are not intended to restrict the scope of the invention. Apart from these, novel embodiments
could be implemented in various other modes; various deletions, substitutions or modifications can be made without
departing from the gist of the invention. Such embodiments or modifications thereof are included in the scope or gist of
the invention and are included in the inventions set out in the patent claims and equivalents thereof.

FIELD OF INDUSTRIAL APPLICATION

[0068] The present invention can be employed in a rail vehicle or hybrid automobile or the like employing a motor
control device and control method thereof.

Claims

1. A motor control device comprising:

a synchronous motor for driving a vehicle;
a power conversion means for converting power for driving said synchronous motor;
a rotational speed-related information acquisition means for acquiring rotational speed-related information re-
lated to the rotational speed of said synchronous motor, without providing said synchronous motor with a voltage
sensor;
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an initial rotational speed calculation means for calculating an initial rotational speed of said synchronous motor
based on said rotational speed-related information acquired by said rotational speed-related information acqui-
sition means;
a rotational speed calculation means for calculating a rotational speed of said synchronous motor, taking as
the initial value said initial rotational speed calculated by said initial rotational speed calculation means;
a rotational phase angle calculation means for calculating a rotational phase angle of said synchronous motor,
based on said rotational speed calculated by said rotational speed calculation means; and
a control means for controlling said power conversion means based on said rotational phase angle calculated
by said rotational phase angle calculation means.

2. The motor control device according to claim 1, wherein said rotational speed-related information is a speed of said
vehicle.

3. The motor control device according to claim 1, further comprising:

an engine for driving said vehicle, linked with said synchronous motor; and
a rotational speed detection means for detecting a rotational speed of said engine,
wherein said rotational speed-related information is a rotational speed of said engine detected by said rotational
speed detection means.

4. A motor control device comprising:

a first synchronous motor for driving a train;
a power conversion means for converting power for driving said first synchronous motor;
an initial rotational speed acquisition means for acquiring an initial rotational speed of a second synchronous
motor for driving said train;
a rotational speed calculation means for calculating a rotational speed of said first synchronous motor as an
initial value of said initial rotational speed acquired by said initial rotational speed acquisition means;
a rotational phase angle calculation means for calculating a rotational phase angle of said first synchronous
motor, based on said rotational speed calculated by said rotational speed calculation means; and
a control means for controlling said power conversion means, based on said rotational phase angle calculated
by said rotational phase angle calculation means.

5. The motor control device according to claim 4, wherein said initial rotational speed is calculated based on a speed
of said train.

6. The motor control device according to claim 4, wherein said initial rotational speed is calculated based on a line
voltage applied to said second synchronous motor.

7. A motor control method of controlling a power conversion device that performs power conversion for driving a
synchronous motor for driving a vehicle, said motor control method comprising:

acquiring rotational speed-related information related to a rotational speed of said synchronous motor without
providing a voltage sensor for said synchronous motor;
calculating an initial rotational speed of said synchronous motor, based on said rotational speed-related infor-
mation that has thus been acquired;
calculating a rotational speed of said synchronous motor using said calculated initial rotational speed as an
initial value;
calculating a rotational phase angle, based on said calculated rotational speed; and
controlling said power conversion device, based on said rotational phase angle that has thus been calculated.

8. A motor control method of controlling power conversion device that performs power conversion for driving a first
synchronous motor, said first synchronous motor and a second synchronous motor being provided in a train for
driving a train, comprising:

acquiring an initial rotational speed of said second synchronous motor;
calculating a rotational speed of said first synchronous motor using said initial rotational speed that has thus
been acquired as an initial value;



EP 2 822 175 A1

9

5

10

15

20

25

30

35

40

45

50

55

calculating a rotational phase angle of said first synchronous motor, based on said rotational speed that has
thus been calculated; and
controlling said power conversion device based on said rotational phase angle that has thus been calculated.
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